T he finding that a novel motor task trained on one side of the body leads to an improvement in the performance of that task on the other side is called intermanual transfer. [1] [2] [3] The intermanual transfer effect can be useful in rehabilitation. This effect was previously shown for prosthetic training in adults. 4, 5 When prosthetic training is started within 1 month after amputation, prosthetic handling and acceptance will be improved. 6 However, after an upper limb amputation, it often is not feasible to obtain a prosthesis within 1 month. To enable the patient to start training during this period, the unaffected arm can be used. Training the prosthetic skills of the unaffected arm can improve the skills of the affected arm. To date, it is not known whether the intermanual transfer effect can be applied in the rehabilitation of children learning to use a prosthesis. Intermanual transfer was previously found to be present from the age of 5 years, 7-9 with improvement continuing until at least 17 years of age. 8 -12 In studies with young children (4 -6 years old), the intermanual transfer effect was shown for simple tasks, such as button-press tasks, 7 matching, 8, 9 or finger lifting. 13 However, the successful use of intermanual transfer in a rehabilitation setting would require more than just simple tasks. Rehabilitation requires complex tasks, 14 which contain more degrees of freedom and multiple task aspects and which involve realworld activities. 15 Such tasks are especially useful when clinically relevant. Therefore, in this study, functional prosthetic training was used to test the intermanual transfer of a complex and novel task in young children.
All previous intermanual transfer studies with children comprised a 1-day training program. [7] [8] [9] [10] 12, 13, 16, 17 However, in a regular training program, learning to execute a complex task, such as handling a prosthesis simulator, takes longer than a single day. Improvement in movement time while practicing prosthetic handling can be seen after at least 5 days, 18, 19 and it takes even longer to learn to control generated force. 19 In adults, intermanual transfer of movement time was found in a retention test performed 6 days after prosthetic training. 5 Retention effects have been reported in the literature and are assumed to be due to the consolidation of motor memory. 20 We tested movement time and force control in children by using intermanual transfer immediately after several days of training and later in a retention test.
For rehabilitation, the intermanual transfer effect needs to be symmetrical, meaning that the effect is transferred from the nondominant side to the dominant side and vice versa because, obviously, both sides can be affected. The literature on the direction of transfer provides various conclusions. In studies on intermanual transfer in children, asymmetry in laterality was often found. 10, 13, 16, 17 It seemed that more complex and novel tasks mostly showed asymmetry, 16,21,22 whereas in adults who used a prosthesis simulator, symmetry was found. 5, 23 Therefore, in the present study, we aimed to determine the direction of transfer in children by using a prosthesis simulator.
The objective of this study was to reveal the intermanual transfer effect on 1 arm after training of the contralateral arm with a prosthesis simulator in 5-year-old children. We compared the movement time of a training group with that of a control group (no training), and we tested the difference in intermanual transfer between the dominant hand and the nondominant hand. In addition, we compared the control of force of an experimental group with that of a control group.
Method
Design Overview Participants in the experimental group started with a pretest (first day) to establish the baseline skills of the "affected" arm with the simulator and then practiced with the opposite, "unaffected" arm (day 1 until day 4 or 5) (see below). Subsequently, the participants performed a posttest (last day of training) and a retention test (6 days later) of the affected arm with the simulator. Participants in the control group executed the pretest, posttest, and retention test of only the affected arm on the same test days but without receiving any training (Fig. 1) . Because of practical limitations, the training program consisted of 4 sessions for half of the children and 5 sessions for the other half (both experimental and control groups). Sessions took place on consecutive days at about the same time every day. The flow of the participants in the study is shown in the CONSORT diagram presented in Figure 2 .
Setting and Participants
Fifty-two children participated. Three girls and 1 boy from the experimental group were excluded because of a lack of motivation. Three of these children trained for 3 days, 1 trained for 4 days, and all of them dropped out before the posttest. The 48 children (25 boys, 23 girls; mean ageϭ5.1 years, rangeϭ 4 -6) who were included were right- Two deformable objects (eFigure, available at ptjournal.apta.org) were used to measure force control during the tests. The deformable objects consisted of 2 plates (4 ϫ 3.5 ϫ 9 cm) with a spring in between them; one object had a spring that was stiffer than the spring in the other object.
Randomization and Interventions
The children were pseudorandomly assigned to the experimental group or the control group. Boys and girls were equally divided into these groups. For the measurement of laterality, the test side (dominant versus nondominant) was equally represented in the groups. All test tasks were executed in an order that was randomized with E-Prime.
All test and training sessions took place in the primary school and were performed individually in a quiet room. The testers were trained in a pilot study to execute the measurements according to a protocol. For most testing sessions, 2 testers were present to make sure testing was done the same way. A session always started with a standard procedure to fit the simulator. The electrodes were placed on the wrist extensor and flexor muscles, which had been marked with a permanent marker after palpation. The sensitivity of the electrodes was always highest when starting. If the child could not easily open and close the prosthesis-for example, because of the 2 electrodes counteracting-the sensitivity was adapted. The maximum speed of the hand was set to the default setting of 6 (on a scale of 1-6). After fitting of the stimulator, verbal instruction for Design of the study.
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task execution was given with the request to perform all of the tasks as rapidly and accurately as possible.
Pretest, posttest, and retention test. During all tests, participants sat, with the elbow flexed 90 degrees, at a table on which the starting and ending positions of the objects were marked. Three functional tasks and 2 force control tasks were all executed 3 times. The functional tasks were based on the 3 different ways in which a prosthesis is used in daily life 26 : direct grasping, indirect grasping, and fixating. The 3 functional tasks (as used in the adult study 5 ) were as follows: the mug task, in which a mug had to be picked up and put on a 25-cm-high shelf (direct grasping); the jar lid task, in which a jar had to be handed from the sound (training) hand to the prosthetic hand, after which the lid had to be removed with the sound hand (indirect grasping); and the pen case task, in which a pen case was fixed with the prosthetic hand while the sound (training) hand opened and closed the zipper (fixating).
To measure movement times with E-Prime, the researcher released the space bar when the child started to open the prosthetic hand and then pressed the space bar after task com- Prosthesis simulator for children.
pletion. Movement times were measured in milliseconds.
In the force control tasks, 2 deformable objects 5 had to be picked up and put on a shelf 25 cm above the table, with the instruction to compress the objects as little as possible.
The maximum deformation was measured by reading a scale attached to the plates.
The 2 dependent variables, movement time and force control, were used for the analysis.
Training sessions. During all training sessions, the children in the experimental group executed tasks from the SHAP. 25 On the first and last days, only half of the SHAP tasks were performed together with the tests, whereas on the other training days, the complete SHAP was performed once. This approach was used to keep the children focused and motivated. At the end of each session, children could color a drawing to motivate them to participate in the next session. After completion of the experiment, all children received a toy.
Data Analysis
The means of the movement times and the means of the deviation in the force control tasks for the 3 trials in each test were calculated with the IBM Social Package Statistical Science (SPSS) 19.0 software package (IBM Corp, Armonk, New York). For comparison of the movement times and the object deformations in the different tasks for the 2 groups, z scores were used; z scores were calculated per task and were used for all further analyses.
Baseline. The results on the pretests for the experimental and control groups were compared with a repeated-measures analysis of variance (ANOVA) to assess baseline differences. For the movement times, the task (mug, jar lid, and pen case) was a within-subject factor, and the training group (training and control) was a betweensubjects factor. For the deviation in force control, the task (strong and light springs) was a within-subject factor, and the training group (training and control) was a between-subjects factor.
Movement time and laterality.
A repeated-measures ANOVA on the movement time was conducted for the functional tasks with the test (pretest, posttest, and retention test) and the task (mug, jar lid, and pen case) as within-subject factors and the training group (training and control) and test arm (dominant and nondominant) as between-subject factors.
Training days. Because the training took place for 4 or 5 days, we assessed whether the duration of training influenced the data. In an additional analysis, the number of training days was entered as a between-subjects factor in the repeated-measures ANOVA on the movement time.
Force control tasks. Another repeated-measures ANOVA was conducted for the maximum deformation in the force control tests with the test (pretest, posttest, and retention test) and the task (strong and light springs) as within-subject factors and the training group (training and control) as a between-subjects factor.
Dropouts. An additional analysis was performed on the data from the children who dropped out. The mean movement times and mean object deformations on the pretest were compared with the 95% confidence interval of the mean scores for all children.
When sphericity was violated, the degrees of freedom were adjusted with the Greenhouse-Geisser correction. An alpha value of .05 was used. Bonferroni corrections were used in the post hoc tests.
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Results

Baseline
No baseline differences between the experimental group and the control group were found for movement time or force control.
Movement Time
The ANOVA on the z scores of the movement time for the 3 functional tasks revealed a significant difference in the interaction between group and test (F 2,88 ϭ3.215, Pϭ.045) (Table) . Two paired t tests revealed that the experimental group showed improvement from the posttest to the retention test (t 23 ϭ2.54, Pϭ.018) but that the control group did not (Fig. 4) Although the mug and pen case tasks were performed at about the same speeds regardless of the test arm, the jar lid task was executed faster when the nondominant test hand held the jar and the dominant hand opened the lid (Fig. 5) .
Training Days
No difference was found between the group that trained for 4 consecutive days and the group that trained for 5 consecutive days.
Force Control Tasks
The ANOVA on the z scores of the object deviation indicated no significant main or interaction effect, implying no difference between the groups (eTable, available at ptjournal.apta.org).
Dropouts
The movement times of the children who dropped out were between 11.5 and 15.4 seconds on the pretest; the upper bound of the 95% confidence interval of the children who were included was 11.3 seconds. The upper bounds of the 95% confidence intervals for the deformations of light and heavy objects were 9.1 and 6.3 mm, respectively. For both objects, 3 of the 4 excluded children scored worse (between 7.9 and 10.1 mm for the light object and between 5.2 and 7.7 mm for the heavy object).
Discussion
An intermanual transfer effect was found after training on prosthetic handling in young children. After training of one side, the movement time of the contralateral side improved significantly on a retention test relative to the findings for the control group. To our knowledge, this is the first report of improvement in the execution of a more complex and novel task through intermanual transfer in 5-year-old children.
Our design was innovative in several respects. Contrary to other studies involving young children, the present study involved complex tasks.
Instead of tasks such as finger lifting 13 or button pressing, 7 our participants had to practice activities of daily living while wearing a prosthesis simulator. Such complex tasks might be more difficult to learn; thus, a small intermanual transfer effect might be expected. On the other hand, the tasks were novel, implying a larger learning effect at the start of the training exercisewhich would foster an intermanual transfer effect. Furthermore, to promote motor memory consolidation, we conducted the training exercise over several days, 20 whereas other studies usually included training for one, sometimes brief, session. 7-10,12,13,16,17 Thus, the possible small transfer effect caused by task complexity might be balanced through the use of novel tasks and more training days. Neither a complex and novel task nor a longer training period was used in previous studies with young children; hence, the relevance of the effects and their possible interactions warrant further study to advance the understanding of intermanual transfer in young children. 
Figure 4.
Means (95% confidence intervals) for movement times (in seconds) in all functional tasks for the 3 tests administered to the experimental and control groups. Real movement times are shown, but analyses were performed on z scores. *PϽ.025.
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The difference in movement times between the training groups was found on the retention test. Improvement between the posttest and the retention test has been described more often in the literature. 20 Interestingly, the retention test was found to be a better indicator for learning. This learning effect was probably due to the consolidation of memory. 20 Therefore, it can be assumed that the results on the retention test for the training group revealed a learning effect that was retained.
The direction of the intermanual transfer of movement time for the complex tasks was symmetrical. This means that the transfer of the effect from the dominant side to the nondominant side did not differ from that in the opposite direction. Studies of adults training with a prosthesis simulator showed similar symmetrical effects. 5, 23 Other studies, however, revealed mostly asymmetry of transfer for complex and novel tasks. 16,21,22,27 A possible explanation for the symmetry in both the present study with children and our previous study with adults 5 is that 2 of the 3 functional test tasks were executed bimanually. The effect for the test hand might have been limited by the use of 2 hands. However, Weeks et al 23 used only unilateral tasks and still found symmetrical effects. Studies with children, all using unilateral tasks, showed asymmetrical effects, although not always in the same direction. Some studies showed larger effects from the nondominant side to the dominant side, 13,17 but some studies showed effects in the other direction. 10, 16 In a recent study, Pan and van Gemmert 28 demonstrated differences in the symmetry of transfer with different performance parameters. For instance, movement time transferred symmetrically, whereas initial movement direction in a point-to-point drawing task did not. However, the findings of Pan and van Gemmert 28 cannot explain all of the findings regarding symmetry in intermanual transfer. There appear to be more subtleties to laterality in intermanual transfer, and this topic warrants further study.
To increase sample size, we performed experiments at 2 schools. At one school, a training program of only 4 (instead of 5) consecutive days was feasible. An additional statistical analysis showed no difference in performance for groups of children with different numbers of training days. We hope that bias due to this difference was minimal. Furthermore, 4 children did not complete the study. The mean movement times of these children on the pretest were slower, and the means of the maximum deformation of the compressible objects were usually higher for these children than for the other study participants. Perhaps prosthetic use was more difficult for these children, causing them to drop out. This factor might have biased our results, thus limiting their applicability.
No intermanual transfer effect for force control was found in the experimental group. Although the transfer of force control is possible, 29,30 learning to control force with a prosthesis is difficult and takes time. 31, 32 The training program consisting of SHAP tasks did not focus on force control in particular. Furthermore, in adults who received SHAP training, the transfer of force control also was not found. 5 Presumably, to obtain intermanual transfer of force control, specific attention to force control in the training exercise or a longer training program may be necessary.
The effect of intermanual transfer improves with age 8 -12 ; that is, intermanual transfer in simple tasks is observed from the age of 5 years, 7-9 and the effect increases until at least the age of 17 years. 10 Parlow and Kinsbourne 16 used an inverted writing task for groups of adults and children and found similar intermanual transfer effects in both groups. When we compared our results for children with those for adults, 5 the patterns in the transfer of the movement times also were similar; that is, the largest differences between the experimental group and the control group were found on the retention test, revealing a motor memory consolidation effect. 20 However, the differences and similarities for the intermanual transfer effects in the different age groups should be interpreted with caution because of the Means (95% confidence intervals) for movement times (in seconds) in 3 functional tasks for dominant and nondominant test hands. Real movement times are shown, but analyses were performed on z scores. *PϽ.025.
differences in training. Children executed the adapted SHAP 4 times, whereas adults executed the original SHAP 8 times. Therefore, determining whether there is an improvement with age in the intermanual transfer of learning with a prosthesis simulator is difficult.
The present study was designed to imitate a clinical setting. Improvement in the execution of a clinically relevant skill-namely, prosthetic handling-was measured. We used complex and novel tasks, extended the training program to several days, and used activities of daily living to train the participants. Moreover, test tasks and training tasks differed, implying that we measured the learning of a skill instead of improvement in the execution of a learned task. An interesting consequence, in terms of the generalizability of our findings and the mimicking of a clinical setting, is that our findings might be applicable to the rehabilitation of children with upper limb amputation. Through intermanual transfer, children can start training directly with the unaffected arm after an amputation. Handling of objects while using a prosthesis, even at a starting level, along with acceptance of the prosthesis could improve. 6 Now that the concept of intermanual transfer after the execution of a complex task has been shown to be present in children who are able-bodied, it is important to establish whether such an effect also can be found in children with peripheral upper limb disorders affecting one side of the body, such as reduction deficiency or brachial plexus injury. The use of intermanual transfer in children with a disorder on one side of the body has not been studied. Therefore, it might be interesting to explore whether the intermanual transfer concept is applicable to different groups of patients. Future research should include children with an upper limb amputation as well as find a way to overcome the limitations of the design of the present study. In addition, this concept should be applied to older children.
A limitation of the present study is that, to generalize the effect of intermanual transfer, we should have obtained measurements in novice users of a prosthesis. However, because of the low incidence of amputations, we had to rely on children who were able-bodied by using a prosthesis simulator. We assume that a comparable intermanual transfer effect can be found in children who are novice users of a prosthesis because they are usually healthy and because the kinematic performances of adults using prostheses or prosthesis simulators showed relevant similarities. 31 A further limitation of the present study is that the testers administered the training program as well as the tests; as a result, the testing was not masked. Furthermore, because of the children's limited focus, movement times were recorded by a researcher instead of by the children. The researcher pressing the button may have introduced bias. However, this procedure was used because-in an unpublished pilot study-the children often forgot to press the button; this situation would have led to even greater bias. Nevertheless, this limitation should be considered in the interpretation of the data. In subsequent experiments, movement times should be assessed with kinematic measurements. Finally, the test-retest properties of the test tasks were unknown.
The tests used were chosen because they represented several skills found in tasks of daily living and could be administered in a short span of time.
In conclusion, an intermanual transfer effect was found following a prosthetic training program in children.
To our knowledge, we are the first to find an intermanual transfer effect in young children performing complex and novel skills. Using a situation resembling a clinical setting, we found a movement time effect that might be applicable to prosthetic training. Smaller tin (diameterϭ3.5 cm, heightϭ9 cm) -Move a tray Using both hands and remaining seated, pick up a tray from location 1, pass it over a barrier, and place it at location 2 (the tray is placed on the side opposite the assessed hand, and the SHAP unit is placed with the longer side facing the participant to serve as a barrier)
Smaller, lighter tray (lengthϭ42 cm, widthϭ26 cm)
The unit was placed with the shorter side facing the participant Open and close a zipper Open and close a zipper Extension of the pull tab of the zipper (paper clip)
The assessor held the pull tab for easier grasping
Rotate a screw 90°Guide a screwdriver to a screw (the screwdriver is placed on a form-board on the side of the assessed hand, and the screw is clipped on the exterior of the SHAP unit on the side of the assessed hand; both hands can be used to guide the screwdriver to the screw, but only the assessed hand can turn the screwdriver) -The participant picked up the screwdriver with the nonassessed hand and passed it to the assessed hand, and the assessor helped fix the screwdriver in the prosthetic hand a -ϭno modification was applied. Location 1 and location 2 were specified on the form-board for each task. 
